Objective : Aneurysm clipping and simultaneous hematoma evacuation through open craniotomy is traditionally recommended for ruptured cerebral aneurysms accompanied by intracerebral or intrasylvian hemorrhages. We report our experience of adapting a less invasive treatment strategy in poor-grade patients with intracerebral or intrasylvian hemorrhages associated with ruptured cerebral aneurysms, where the associated ruptured cerebral aneurysms were managed by endovascular coil embolization, followed by stereotactic aspiration of hematomas (SRH) using urokinase.
INTRODUCTION

Although ruptured aneurysms usually present with
Values are presented as number (%). MCA = middle cerebral artery; ACA = anterior cerebral artery; IC-Pcom = internal cerebral artery-Posteror communicating artery; ICBIF = internal carotid artery bifurcation; IC-Ophthalmic = internal carotid artery-Ophthalmic artery; BA-SCA = Basilar artery-Superior cerebellar artery Alternative methods with better outcomes have been reported by Niemann et al., 35) who introduced endovascular treatment for ruptured aneurysms followed by hematoma evacuation, and Chung et al., 9) who introduced endovascular treatment for ruptured anterior communicating artery (A-com) aneurysms, followed by burr-hole trephination, catheterization, and hematoma drainage. In both studies, the patients did not show signs of deterioration, and did not need immediate surgical decompression. We believed that the technique used by Chung et al. 9) to treat the ruptured A-com aneurysms could be applied to treat other ruptured aneurysms with ICH or ISH. Hence, we adapted this less-invasive strategy of endovascular treatment for ruptured aneurysms, followed by stereotactic aspiration of hematoma (SRH; stereotactic removal of hematoma) using urokinase, to all types of ruptured aneurysms. Here we report our experience of managing ruptured cerebral aneurysms with ICH in poor-grade patients through endovascular coil embolization followed by SRH using urokinase.
MATERIALS AND METHODS
Patient characteristics
This study was approved in January 2017, by the Institutional Review Board (IRB) of our hospital, South Korea, with a waiver for informed consent. Patient age ranged from 33 to 79 years (mean ± standard deviation = 55.92 ± 12.36 years), and there were 13 male and 23 female patients. The most common site of the aneurysms was the middle cerebral artery (MCA) (n = 15; 41.6%), followed by the anterior cerebral artery (ACA) (n = 13; 36.1%) ( Table 1 ). The most common location of the hematoma was the frontal lobe (n = 17, 47.2%), followed by the temporal lobe (n = 12; 33.3%) and the sylvian fissure (n = 5; 13.9%) ( Endovascular coil embolization + SRH* 9 (25) Values are presented as number (%). *Stereotactic aspiration of hematoma using urokinase Values are presented as number (%). times per day in the neurosurgical intensive care unit.
The catheter was usually maintained in place for 7 to 14 days, and removed after taking a brain CT image.
Data analysis
The patients' medical records were reviewed by 2 neurosurgeons, and the imaging studies were evaluated by a neuro-radiologist and a neurosurgeon.
These experts evaluated the clinical status of the patients, the location of the aneurysms, and the location and size of the hematomas.
RESULTS
Clinical outcomes
In 9 patients managed by endovascular coil embolization followed by SRH using urokinase, the most common site for the aneurysms was the MCA (n = 3;
33.4%), followed by the internal carotid-posterior communicating artery (IC-PCom) (n = 2; 22.2%) ( Table 6 ). The most common location of the hematoma was the temporal lobe (n = 4, 44.5%), followed by the frontal lobe (n = 3; 33.3%) and the sylvian fissure (n = 1; 11.1%) ( Values are presented as number (%). Values are presented as number (%). MCA = middle cerebral artery; ACA = anterior cerebral artery; IC-Pcom = internal cerebral artery-Posteror communicating artery; ICBIF = internal carotid artery bifurcation; IC-Ophthalmic = internal carotid artery-Ophthalmic artery; BA-SCA = basilar artery-Superior cerebellar artery Table 6 . The locations of aneurysms in 9 patients managed by endovascular coil embolization followed by stereotactic aspiration of hematoma using urokinase
In the 9 patients managed by endovascular coil embolization followed by SRH using urokinase, 4 patients (44.4%) were WFNS grade-IV on admission, and 5 patients (55.6%) were WFNS grade-V on admission.
The 4 patients who were WFNS grade-IV on admission achieved favorable outcomes (GOS score 4 or 5), 6-months postoperatively (Fig. 1) . Among the 5 patients who were WFNS grade-V on admission, one patient achieved a favorable outcome, and 4 patients achieved GOS scores of 2 or 3 at 6-months postoperatively (Fig. 2) . There was no mortality (Table 8 ).
Illustrative cases 
DISCUSSION
On the basis of autopsy and angiography studies, the prevalence of aneurysmal rupture is 0.4-6%. 44 Values are presented as number (%). WFNS = World Federation of Neurological Surgeons; GOS = Glasgow Outcome Scale Table 8 . Clinical outcomes in 9 patients managed by endovascular coil embolization followed by stereotactic aspiration of hematoma using urokinase at 6-months postoperatively tients with an admission HH grade of IV-V. In the management of a spontaneous ICH, many surgeons agree on an urgent surgical decompression being mandatory in patients (especially in younger patients) with impending or acute brain herniation.
However, it is also true that many randomized, controlled trials have shown that a craniotomy for hematoma evacuation is not superior to conservative management in terms of the outcomes. In our series, ICH or ISH associated with ruptured aneurysms were noted in 36 patients (32.1%), which is consistent with the previously reported studies. We adapted the less-invasive strategy (endovascular treatment of ruptured aneurysm followed by SRH using urokinase) to not only A-com aneurysms, but for all types of aneurysms, in 9 selected patients (25%); these patients did not present any signs of brain herniation.
The inclusion criteria consisted of an absence of anisocoric pupil, no decorticate or decerebrate rigidity, and no signs of active bleeding in brain on CTA or DSA (no impending herniation). In the 9 patients managed by endovascular coil embolization followed by SRH using urokinase, the most common sites for the aneurysms were the MCA (33.4%) and the IC-PCom (22.2%), with the hematoma volume of at least 19 mL. This is consistent with the previously reported studies, in which the surgical criterion of ICH is 10-15 mL.
3)26)33) 46) This kind of less-invasive strategy (endovascular treatment of ruptured aneurysm followed by SRH using urokinase) would be best done in a hybrid operatng room, which is a surgical theatre that is equipped with advanced medical imaging devices such as cerebral angiographic machine. Recently a hybrid operating room began to be used gradually. Our hospital doesn't have a hybrid room either, but someday the hybrid room will be widely used, and then this less-invasive strategy might be widely used more easily. Although our study has the limitations of being a retrospective analysis, with a small patient population and the absence of a control group, the outcomes are comparable with previously reported studies: there was no mortality, and the favorable outcomes were 55.3%.
CONCLUSION
Craniotomy and surgical clipping with simultaneous hematoma evacuation may be the best recommendation for patients with ruptured aneurysmal SAH with ICH or ISH, who show rapid clinical deterioration due to a mass effect. Sometimes, it is not easy to perform the surgery due to edema, worsening of ischemia, or a high risk of rebleeding.
If the patient does not show the clinical or radiological signs of brain herniation that mandate emergency hematoma evacuation, we may choose less invasive surgical methods for hematoma evacuation. 
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